Modeling and Predicting Stock Price Movements using
Geometric Brownian Model (AMZN)

By: Liam Carlin and Kilan Rougeot

Modeling Question

How accurately can we model previous years' stock fluctuations to achieve over 50% accuracy against historical
data, and can this validated model effectively predict future trends and prices?

This is a direct medium-specificity, predictive question according to the specificity/action framework because:

* We have a specific accuracy target (50%)
» We aim to predict future behavior based on historical modeling
» The scope involves general stock price movements rather than specific market events

Importance and Real-World Context

Accurately modeling and predicting stock prices is a critical problem with significant real-world implications.
Stock market fluctuations have major financial and economic consequences, affecting:

* Individual investors decisions

* Institutional investment strategies
+ Corporate financial planning

» Economic policy making

A model achieving at least 50% accuracy in capturing historical stock price movements would give useful past
random chance. Such a validated model could provide valuable insights for investment strategies and risk
management.

Background and Model Description
Sources:
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MAPE: "Mean absolute percentage error"

Fig 1: Comparison of GBM-based stock prediction models. This table highlights methodologies, metrics, and
limitations of prior works (Agustini, Harper, Mensah, Frank) alongside our model, which focuses on long-term
predictions, daily price data, and enhanced statistical validation.

Model Framework:
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Fig 2: System Boundary for Stock Price Prediction Model. The model focuses on internal factors such as daily
closing prices, start price, and GBM parameters (drift, volatility, time). External factors like market dynamics,
economic conditions, and company-specific strategies are explicitly excluded to maintain scope.

Model Diagram
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Fig 3: Model Workflow for GBM-Based Stock Prediction. Historical data inputs (daily closing prices and time
steps) drive parameter calculations for drift (u) and volatility (o). A parameter sweep optimizes these values,
enabling GBM simulations and validation through multiple runs to produce accurate predictions.

Our model focuses on:

+ Daily closing prices
» Historical price patterns
* Volatility measurements
* Return calculations

We explicitly exclude:

* Intraday price movements
» Market news

* Individual trading behavior
» Company-specific events

Geometric Brownian Motion (GBM) Model:

The GBM model is a way to describe how stock prices change over time, combining predictable trends with
random price movements. Think of it like a ball rolling down a tilted, bumpy surface and the tilt represents the
overall trend (drift), and the bumps create random movements (volatility).



Model Equation
The GBM is described by the following differential equation:

Formula: dS(t) = uS(t)dt + aS(t)dW(t)
Simplified Formula: Stock Price Change = Trend Component + Random Component
Parameters:

» S(t) is the stock price at time t (helps us match our predictions to real market trading days)

» dS(t) is the change in stock price

* M is the drift coefficient (tells us where prices are likely heading in the long run)

* g is the volatility (helps us understand the risk and potential price swings)

» dW(t) is a Wiener process increment (represents the random component of price movements, modeling
the unpredictable market fluctuations)

* At is the time step (daily trading)

Model Implementation

% Stock model using Geometric Brownian Motion
clear; clc;

% Read data

raw_data = readmatrix('AMZN Stock Data 2023.csv');
prices = raw_data;

dates = (1:length(prices))’;

% Parameter ranges for sweep (for GBM)
mu_range = linspace(-0.5, 0.5, 100); % Drift coefficient
sigma_range = linspace(@.1, 1, 100); % Volatility coefficient

% Initialize tracking variables
simulation_count = 0;
best_accuracy = 0;

best mu = 0;

best_sigma = 0;

best modeled prices = [];

total sims = length(mu_range) * length(sigma_range);

% Parameter sweep
for mu = mu_range

for sigma = sigma_range
simulation_count = simulation_count + 1;

% Run simulation
modeled prices = simulatePrices(prices(l), length(prices), mu, sigma);



% Calculate accuracy
accuracy = calculateAccuracy(prices, modeled prices);

% Update best parameters if accuracy is improved

if accuracy > best accuracy
best_accuracy = accuracy;
best_mu = muj;
best _sigma = sigma;
best modeled prices = modeled prices;
Accuracy = accuracy*100;

end

end
end

% Generate future predictions using best parameters
future_prices_store = zeros(10,60);

for i = 1:10

future_prices = predictFuture(prices(end), 60, best mu, best sigma);

future_prices store(i,:) = future_prices;
end

future prices_avg = mean(future_prices store);

% Plot results

figure('Position', [100 100 1200 600]);

plot(dates, prices, 'b-', 'LineWidth', 2);

hold on;

plot(dates, best modeled prices, 'r--', 'LineWidth', 1.5);
future_dates = (length(dates)+1):(length(dates)+60);
plot(future_dates, future prices_avg, 'w', 'LineWidth', 1.5);
plot(future_dates, future prices store, 'Color',[0.2 0.5 0.9 0.2],
1.5);

title('Amazon Stock Price Model using GBM and Prediction');
xlabel('Trading Days');

ylabel('Price ($)');

'LineWidth',

legend('Historical Data', 'Model Fit', 'Future Prediction', 'Future Simulation

Runs');

grid on;

set(legend, 'Location', 'northwest')
hold off;
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Fig 4: Amazon Stock Price Modeling and Prediction Using Geometric Brownian Motion (GBM). The graph
compares historical stock prices (blue solid line) with the GBM model fit (red dashed line). Predicted future
price averages (white line) and multiple GBM simulation runs (light blue lines) illustrate potential future price
trajectories based on optimized drift (u=0.49) and volatility (0=0.17) parameters. The model demonstrates
strong alignment with historical data and robust forecasting capabilities.

% Print final results
best_accuracy

best_accuracy = 0.9664
best mu

best mu = 0.4899

best sigma

best _sigma = 0.1727

Testing the Accuracy of the Model

testing year stock data = load("AMZN Stock Data 2024.csv");

MAE = mean(abs(testing_year_stock_data(1:60) - future_prices_avg));
meanActual = mean(testing year_stock data(1:60));

accuracy = mean(100 * (1 - (MAE / meanActual)))

accuracy = 92.9866

%Plotting the accuracy



figure('Position', [100 100 1200 600]);
plot(future_dates,testing year stock data(1:60), 'b-', 'LineWidth', 2);
hold on;

plot(future_dates, future_prices_avg, 'w', 'LineWidth', 1.5);
title('Predicted Stock Price VS Real Historical Data');

xlabel('Trading Days');

ylabel('Price ($)');

legend('Historical Data', 'Average Future Model');

set(legend, 'Location', 'northwest')

grid off;
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Fig 5: Comparison of Predicted Stock Prices vs. Real Historical Data. The graph shows actual Amazon
stock prices (blue line) alongside the average future predictions from the GBM model (white line). The model
demonstrates close alignment with historical trends, highlighting its ability to capture general price movement
directions and providing a reliable basis for forecasting.

mu_best = best_mu;
sigma_best = best_sigma;

% Parameter ranges
mu_range = [mu_best * 0.5, mu_best, mu_best * 1.5];
sigma_range = [sigma best * 0.5, sigma best, sigma best * 1.5];

% Simulate and store results for each combination
all results = cell(length(sigma_range), 1); %array to store results for sigma

line_1labels = {}; %array for legend

for s = 1:length(sigma_range)



sigma = sigma_range(s);
results = zeros(60, length(mu_range)); % Store results for sigma

for m = 1:length(mu_range)
mu = mu_range(m);

future_prices = simulatePrices(prices(end), 60, mu, sigma);

results(:, m) future_prices;

line_labels{m} = sprintf('\\mu = %.2f', mu);
end

% Save results for this sigma to the cell array
all results{s} = results;
end

Results Analysis

Parameter Sensitivity Analysis

* Increasing lookback period improves stability but reduces responsiveness
+ Volatility calculation significantly impacts prediction
* Number of simulation runs affects confidence interval smoothness

Impact of Volatility (o)
1. Low Volatility (o = 0.05)

* Produces smooth, predictable price trajectories

» Shows clear separation between different drift values

* Minimal price fluctuations around the trend line

* Most visible in the nearly linear progression for y = 0.72

» Demonstrates behavior typical of low-volatility market periods or stable blue-chip stocks

2. Medium Volatility (o0 = 0.11)

* Introduces more realistic market-like fluctuations

» Maintains distinguishable trends while showing noticeable price variations
* Creates occasional trend reversals and price corrections

* Better reflects typical trading day variations

» Shows moderate overlap between different drift scenarios

3. High Volatility (o = 0.16)

» Generates significant price swings and increased uncertainty



 Exhibits characteristics of volatile market periods

* Makes trend identification more challenging

» Demonstrates greater path dependency

» Shows potential for both substantial gains and losses

Effect of Drift (p)

For each volatility level, we tested three drift values (0.24, 0.48, 0.72), revealing:

1. Low Drift (u = 0.24)

* Results in modest price appreciation

» Shows highest sensitivity to volatility changes

» Often maintains sideways movement in high volatility
» Most stable and predictable in low volatility scenarios

2. Medium Drrift (u = 0.48)

* Produces moderate upward trends

* Balances trend strength with price fluctuations

* Maintains trend visibility across all volatility levels
» Shows realistic market-like behavior

3. High Drift (u = 0.72)

» Generates strongest upward trends

* Remains visible even in high volatility

» Shows highest price appreciation potential

» Most resistant to volatility-induced trend reversals

% Plot results for each sigma
for s = 1:length(sigma_range)
figure;
hold on;

% Extract results for this sigma
results = all results{s};

% Plot lines for each mu
for m = 1l:size(results, 2)

plot(1:60, results(:, m), 'DisplayName', line labels{m});
end

% Customize the plot

xlabel('Days"');

ylabel('Predicted Stock Price');

title(sprintf('Predicted Stock Prices for \\sigma = %.2f', sigma_range(s)));
legend('show");
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Fig 6: Predicted Stock Prices for 0=0.09: Low volatility produces smoother, predictable price trajectories.
Higher drift (u=0.73) results in steeper upward trends, while lower drift (u=0.24) maintains modest growth,
demonstrating sensitivity to drift under stable market conditions.

Fig 7: Predicted Stock Prices for 0=0.17: Medium volatility introduces realistic price fluctuations and occasional
trend reversals. Drift values (u=0.24,0.49,0.73) remain distinguishable, balancing trend strength with volatility-
induced randomness.

Fig 8: Predicted Stock Prices for 0=0.26: High volatility generates significant price swings, increasing
uncertainty. Trends for higher drift (u=0.73) remain visible but show greater path dependency, reflecting
characteristics of volatile market conditions.

Model Validation

We validate our model against historical Amazon stock data:
Directional Accuracy

» Model correctly predicts price movement direction in most cases
» Exceeds our 50% target threshold and reaches an accuracy of ~95%

Price Range Accuracy

* Actual prices fall within predicted ranges
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* Aligns with source benchmarks

Visual Validation

* Model captures overall trend patterns
» Reasonable prediction intervals
» Appropriate volatility clustering

Market Efficiency

» Our model's long-term GBM predictions align with the efficient market patterns noted in our synthesis
matrix

» Parameter sweep results match daily price data patterns

» Matches the theoretical foundations from Harper (2024) on normal and lognormal distributions

% Assertions to verify the correctness of the GBM implementation and model

% Check that the simulated prices do not contain NaN or Inf
assert(all(~isnan(simulatePrices(prices(1), 10, best _mu, best_sigma))), 'Simulated
prices have NaN values.');

assert(all(~isinf(simulatePrices(prices(1), 10, best_mu, best_sigma))), 'Simulated
prices have Inf values.');

% Ensure the GBM produces positive prices (as stock prices cannot be negative)
assert(all(prices > @), 'Simulated prices have negative values, which is not
possible for GBM.');

% Test if predictFuture generates the correct number of predictions
num_future_days = 60;

future_predictions = predictFuture(prices(end), num_future days, best mu,
best_sigma);

assert(length(future_predictions) == num_future_days, 'The number of future
predictions is wrong.');

Key Metrics

Our analysis yielded several quantitative insights:

* Clear trends most visible in low volatility scenarios
 Pattern predictability decreases with increasing volatility
« Drift impact most pronounced in low volatility conditions

Interpretation
Answer to Modeling Question

Our model successfully achieves:

1. Above 50% accuracy in modeling (~95%)
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2. Strong price range prediction
3. Reasonably strong MAPE (visually analyzed) compared to literature

Limitations

1. Assumes constant volatility

2. Ignores external market factors

3. Limited to daily closing prices

4. May not work during extreme events

Future Steps

Future steps for this project could involve incorporating external market factors, such as economic indicators, to
improve the prediction during market shifts. Also, extending the model to account for intraday price movements
and more adaptable volatility adjustments could enhance its ability to capture short-term trends and extreme
events.

Conclusion

The GBM model demonstrates meaningful predictive power for stock price movements, achieving extremely
high directional prediction accuracy and MAPE through our parameter sweep analysis. Our optimal drift
coefficient (u = 0.4596) indicates a strong positive trend in the analyzed period, suggesting significant upward
price momentum. Our results show that medium volatility scenarios (o = 0.1364) best capture typical market
behavior while maintaining predictive accuracy. The tweaking between this relatively high drift value and
moderate volatility suggests a market environment where upward trends persisted despite price fluctuations.
While limitations exist, including constant volatility assumptions and excluded external factors, the model
provides valuable insights for understanding price dynamics and potential trends. The success in both
directional prediction and range estimation suggests utility for investment decision support, while acknowledging
the uncertainties in financial markets.

% Helper functions
function simulated = simulatePrices(initial price, num_days, mu, sigma)
% Geometric Brownian Motion
dt = 1/252; % Time step (1 trading day)
simulated = zeros(num_days, 1);
simulated(1l) = initial price;

% GBM formula
for t = 2:num_days
dW = normrnd(@, sqrt(dt)); % Wiener process increment
% GBM equation
simulated(t) = simulated(t-1) * exp((mu - @©.5*sigma”2)*dt + sigma*dW);
end
end

function accuracy = calculateAccuracy(actual, predicted)
% Simple percentage error calculation

14



error = abs(actual - predicted) ./ actual;
accuracy = 1 - mean(error);
end

function prediction = predictFuture(last_price, num_days, mu, sigma)

prediction = simulatePrices(last price, num_days, mu, sigma);
end
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